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ÅWÃÄÀ[Ö^¿ÈIÙûÇµÉÅ`×Ç0ÁÇµÖ^ÉÑÍ5ë]ÙûÇµËÄËÄÇÝ×¿MÈ2ðoþIÕµÀ&Õ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Â2¿ÈTÃÏÕÕ pi ÒÔÐ Ç]Â2Î^ËÌ¿
" Π1 ÃÄÍDÃÄÀ^ÃÌÅWÃÏÕËÄËÌþ:ÙûÇ]ÉWÂ2¿MÈ¤ë²×.Á^ÃÏÐÑÁ)ÃÄÀÐ5ÇµÉØÎ+Ç]ÉØÕ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À]ÅDÈT¿5ÎÉWÇµÅWÇµÀ+ÕÝÅWÃÄÇµÀ:ÃÄÀ:ÅØÁ^¿ pi ÒÔÐ Ç]ÂÎËÌ¿












































































































































































































"T¿MÍÃÏÍ%Õ2Ð ËÏÕµÍØÍWÃÄÐSÈTÇµÂIÕµÃÌÀÇÙ#¿5ËÄ¿Ð ÅWÉØÇµÀÐ ÇµÉØÉØ¿5ËÏÕÝÅW¿MÈÂ2¿ ÅØÁ^ÇTÈ^ÍëÍkÖ+ÐÑÁBÕ]Í
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Ð5¿5ÀoÅWËÄþÅWÁ^¿ÉW¿SÁÕµÍcð-¿5¿ÀBÈT¿Æµ¿ËÌÇ]Î^Â2¿5ÀoÅÇµÙjä9Ú





ÑÀÒl[Z ÒzKýz þ ]\K
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×c¿5ÉØ¿PÅWÁ¿5ÉØ¿ ÙûÇµÉØ¿PÅØÇ9ð-¿cÃÌÀ[Æµ¿MÍ`ÅØÃÌ¾oÕÝÅØ¿Èð[þÂ2¿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ËoÂ2¿ ÅØÁ^ÇTÈ^Í5ã
æfiÁ^¿0ÍkÅW¿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ÍcÙûÇµÉØÂ2¿ÈJð+¿5Å`×¿¿5ÀBÅWÁ¿0ÍkÇ]Ö^ÉØÐ5¿9ÇµÙjù + ÕÀÈJÅØÁ^¿0ÐÑÁ^ÃÄÉØÕµË-ËÄÃÄ¾]ÕÀ+È¤ã



































































































































×c¿5ÉØ¿DÍWÁ^Ç]ÉkÅ.Õ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ÉÑÈ2Â2ÕµÀ^À^¿É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Ë ë²ÃÏÍÉØ¿ÍWÎ+Ç]ÀÍWÃÌð^ËÄ¿êÙûÇµÉDÅWÁ¿ÃÄÀÐ5ÉW¿MÕµÍW¿ÈÍW¿5ËÄ¿Ð ÅWÃÄÆ[ÃõÅØÃÌ¿MÍ5ãIæfiÁ^ÃÏÍDÉW¿MÕµÐ ÅWÃÄÇµÀ
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ÒØö]ë í^ë íÝÒ ÅØÉWÃÄÎ^Á^¿À[þoËÌÒé¿ ÅWÁ[þ[ËÏÕÂ2ÃÌÀ¿R?VÕÀ+È QV
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ÒÑö ÒéÂ¿5ÅWÁ[þ[ËõÒ`íTë í ÒÔÈTÃÄÎ^Á^¿Àoþ[ËÌÒì¿5ÅWÁ[þ[ËÄÕµÂ2ÃÌÀ^¿R
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Â2ÇµÃÄ¿ Å`þÃÄÀÌy§	ËÄ¿È	ÅWÇJÕµÀ	¿5À+ÕÀoÅWÃÄÇ]ÍW¿5ËÄ¿Ð ÅWÃÄÆoÃÌÅ`þµë ×.Á^ÃÏÐÑÁ	×fiÕµÍ9¿
"TÎ-¿Ð ÅØ¿ÈÅØÇJð-¿Á^ÃÌ¾]Á^¿5ÉMãSçÃõÅØÁ)ÕÀ)ÃÌÀ+Ð ÉØ¿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(24% ee (S)-3) (11% ee (S)-3)(11% ee (S)-3)(26% ee (R)-3)
ó:ÖÐÑÁÈTÃÌß-¿ÉW¿ÀoÅc×fiÕµÍÅWÁ¿DÍWÃÌÅWÖÕÅWÃÄÇµÀ²ëT×.Á^¿ÀBÍWÖ^ðÍkÅWÃÌÅWÖ¿5ÀoÅØÍfiÇ]ÀÅWÁ¿SÀÃõÅØÉWÇ]¾µ¿5ÀJ×¿ÉW¿SÃÄÀ]ÅØÉWÇTÈTÖ+Ð ¿È²ã#ùÔÀÕËÄË¤Ð5Õ]Ík¿MÍ






















(2% ee (S)-3) (13% ee (S)-3)(0% ee 3)(0% ee 3)(0% ee 3)
Ú^ÉØÇµÂ ÅWÁ^ÃÏÍNóÉÑÍ`ÅÍW¿5ËÄ¿Ð ÅWÃÄÇµÀqÇÙS¿
"TÎ+¿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¿5À ÅWÁÕÅÎ^ÉØÃÌÂIÕÉØþÕÂ2ÃÄÀ^¿Í&ÕÉØ¿JÂêÖÐÑÁ

































































































































































(0% ee 3)(0% ee 3)(13% ee (R)-3)(20% ee (R)-3)





























































































































































ÒØö]ë í^ë íÝÒ ÅØÉWÃÄÂ2¿ ÅØÁoþ[ËÌÒìÎÉWÇ]Îoþ[ËÏÕÂ2ÃÄÀ^¿ey	ÕµÀÈÀQ
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ë-ð^ÖTÅ9×.ÃõÅØÁ:À^¿5ÃÌÅWÁ^¿É9ÈTÃÄð^ÉØÇµÂ2ÇµÂ2¿5ÅWÁÕµÀ^¿À^ÇµÉöµë í ÒÔÈTÃÄÐÑÁËÌÇ]ÉWÇ[¿ ÅØÁÕÀ¿µë





































































































































































































^Lw9çÃÌÅWÁ^ÃÄÀÅWÁ¿IÃÌÀoÅW¿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ËÄÇµ¾µ¿ÀÍSù`ßcÉ×cÕ]ÍÕËÏÍkÇBÖÍW¿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Ùfiù + ë²ÅØÁ^¿IËÏÕµÐ ÅØÇµÀ^ÃÏÍØÕÝÅWÃÄÇµÀÅWÇÙûÇ]ÉWÂj
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ÈTÖ^ÉØ¿:ò^ãÄöµãÄöJÇ]À














































































ÙûÇµÖ^É²Î+ÕÉÑÕÂ2¿ ÅØ¿5ÉÑÍ ×.Á^ÃÄÐÑÁ×c¿5ÉØ¿ÐÑÁÕµÀ^¾µ¿MÈ¤â-ÅWÁ^¿PÅW¿5Â2Î-¿5ÉÑÕÝÅØÖ^ÉW¿PÅWÁ^¿PÉØ¿Õ]Ð ÅØÃÌÇ]ÀS×fiÕµÍ²Î+¿ÉkÙûÇ]ÉWÂ2¿ÈÕÅflQ Ð5ÇµËÄÖ^Â2À
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9+â í öMíµñ Ò À²ã ÉMã
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æfiÁ^ÃÏÍ<ÂIÕ þBð+¿2ÕÀÃÌÀÈ^ÃÄÐÕÝÅWÃÄÇµÀÇÙÕÈTÃÌß ¿5ÉØ¿5ÀoÅ9Â2¿ÐÑÁ+ÕÀ^ÃÏÍkÂë ÃÄÀ	×.Á^ÃÏÐÑÁ:ÅWÁ^¿Ík¿ËÌ¿MÐ ÅØÃÌÆ[ÃÌÅ`þÈ^¿ ÅW¿ÉWÂ2ÃÄÀ^ÃÄÀ^¾JÍkÅW¿Î	ÃÄÍ












































































& ρ ÃÄÍ9ÅWÁ¿IÉW¿MÕµÐ ÅØÃÌÇ]ÀÐ Ç]ÀÍkÅØÕÀoÅÕÀÈ)ÉØ¿
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Ù¿ËÌ¿MÐ ÅWÉØÇµÀÃÄÐBÎ-¿5ÉWÅWÖ^ÉØðÕÝÅØÃÌÇ]À²ãEÚÖ^ÉWÅWÁ^¿ÉWÂ2ÇµÉØ¿ σ+ Õ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ð-¿5¿5ÀqÈT¿
óÀ^¿È¡ÙûÇµÉIÉØ¿Õ]Ð ÅØÃÌÇ]ÀÍ5ëÃÌÀm×.Á^ÃÏÐÑÁ ÕÍ`ÅØÉWÇ]À^¾)Õ]Ð5Ð5¿5ÎTÅØÇµÉMëÍkÖ+ÐÑÁmÕ]ÍÕCÐ5ÕµÉWð-ÇTÐ5ÕÅWÃÄÇµÀ²ëÈ^¿5Æµ¿ËÌÇ]ÎÍ2ÕÝÅ2ÅWÁ¿


























































































































R= Et     55























































61b   64%
61c   60%
B(OH)2




























































































































qÍkÁÇÝ×¿MÈ¡Ð ËÄ¿ÕµÉWËÄþµëPÅWÁÕÅÅØÁ^¿:Â2ÇµÉØ¿J¿ËÌ¿MÐ ÅØÉWÇ]À¡×.ÃÌÅWÁÈTÉÑÕ ×.ÃÄÀ^¾ÅØÁ^¿:ÍkÖðÍ`ÅØÃõÅØÖ^¿5ÀoÅ×fiÕµÍêÅWÁ¿
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Ú^ÖÉkÅØÁ^¿5ÉØÂ2ÇµÉØ¿DÕ2ð-¿ ÅWÅW¿É9ÍW¿5ËÄ¿Ð ÅØÃÌÆ[ÃÌÅ`þ&×.ÃÌÅWÁ:¿ËÌ¿MÐ ÅWÉØÇµÀ[×.ÃÌÅWÁÈ^ÉØÕ ×.ÃÄÀ^¾¾µÉØÇµÖ^ÎÍfiÁ+ÕµÍ.ð-¿5¿À:¿ÍkÅØÕðËÌÃÏÍkÁ¿È¤ëÕµËõÅØÁ^ÇµÖ¾µÁ
ÅWÁ¿ÇÝÆµ¿ÉØÕµËÌË









×cÕ]ÍcÙûÇµÖ^À+È&ÅØÇ2ð+¿Æ]¿5ÉØþ&ÍkÃÄÂ2ÃÌËÏÕÉÇQ É 2 ¡ ñ^ã O$L T ÕÀ+È ρ+ ×cÕ]Í_Sñã íµñ]í^ã
y = 16.835x + 43.251     r2 = 0.88
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toluene      quant.
2
2.NH3(l), -78 ºC 


































































































































à%ËÄËTÅØÁ^¿ÍW¿%ÕÂ2ÃÏÈT¿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Ð ÅW¿MÈ0ÅØÇDÅ`×ÇÈTÃÌß-¿ÉW¿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ÅWÇJòIÉØÕ]Ð ¿ÂÃÏÐ5ÕµËÌËÄþµëð^ÖTÅSÕµÎ^Î^ËÄþ[ÃÌÀ^¾2ÅØÁ^¿Ç]ÎTÅWÃÄÂ2ÃÄÍW¿ÈÎÉWÇTÐ ¿MÈTÖ^ÉØ¿`Q ÐÑÁÕµÎTÅW¿É9òãÌö]ãÌöDÇµÀ:Î+Õ¾µ¿oL
T
ÈTÃÏÈÀ^ÇµÅ<ËÌ¿MÕµÈBÅØÇ
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y = 0.1637x + 0.4156 r2 = 0.72
y = 0.1364x + 0.3177  r2 = 0.70
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y = 0.0337x + 0.2615    r2 = 0.84
y = 0.0758x + 0.3486    r2 = 0.90
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◦ ëÃõÅ%×fiÕµÍ.íµíÛTý ¾ Â2Ç]Ë −1
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ßfiò$fÉSÊ1,fjà<Ó=fjíäÇ@ 0 −88.6 29.5 −33.0 −0.2 −12.4 100.1 55.1
ßfiò6fÉ9Ê1µøTä9ä 0 −92.0 29.5 −28.6 4.5 −2.7 105.9 63.5
ó	Êí61µøTä9ä 0 −87.2 49.6 −46.3 −13.0 −44.9 −a 6.9
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Ëìë×.Á^ÃÏÐÑÁmÉW¿MÍkÖ^ËÌÅØÍÃÄÀ
ÕÀ¿ÕµÍWÃÄ¿5É%ÅØÉØÕµÀÍWÃõÅØÃÌÇ]ÀÙûÉWÇ]ÂÅØÁ^¿0ÙûÉØ¿5¿ÕÂ2ÃÄÀ^¿êÈTÃÄÉØ¿Ð ÅØËÌþJÅWÇJV
ffi



























































æfiÁ^¿IÍWÇµËÄÆµ¿5ÀoÅSÎ^ËÄÕ þ]¿È	ÕµÀ)ÃÄÂ2Î+Ç]ÉkÅÑÕÀoÅDÉWÇ]ËÌ¿êÃÌÀ)ÅWÁ^¿IÍkÅW¿ÉW¿Ç]ÍW¿5ËÄ¿Ð ÅØÃÌÆ[ÃÌÅ`þÇÙPÅØÁ^¿2ÃÌÇTÈTÇ]ËÄÕ]Ð ÅWÇ]À^ÃÏÍWÕÅWÃÄÇµÀÍãæfiÁ^¿ÙûÇµÉWÒ


































































































































































































































−0.72 − −0.43 0.19
V
fiffi




























































ÃÏÍ3¿5ÀÐ5ÇµÖ^ÀoÅØ¿5ÉØ¿È¤ã#ùéÅÕÉØÃÄÍW¿Í#ÙûÉØÇµÂ ÅWÁ^¿%Ù ÕµÐ Å3ÅØÁÕÝÅ×.Á^¿5À2ÖÍWÃÌÀ¾ÂÇ]ÉW¿.ð+ÕµÍWÃÄÍ#ÙûÖ^À+Ð ÅWÃÄÇµÀ+ÍÕDð-¿ ÅkÅØ¿5ÉÈ^¿ÍØÐ ÉØÃÌÎTÅØÃÌÇ]À2ÇÙ
ÅWÁ¿ÍkþTÍkÅW¿Â2Í%ÉW¿MÍkÖ^ËÌÅØÍãæfiÁÃÄÍ9ÈTÃÄÍØÐ ÉØ¿5Î+ÕÀÐ5þ×cÕ]Í.¿ÍkÅWÃÄÂIÕÝÅØ¿ÈJÅWÇð-¿ÐÕ^ãflLã
H

































ó:Êí61µøTäSä 87.2 73.4 71.9 71.8
ß.ø^ø2#ó:Êcí61ø^ä9ä 6.2 −78.0 6.6 −57.2
ßcò6fÉ9Ê13f4à9Ófjíµäg@ 88.6 34.3 29.5 66.4
































VBÅWÁ^¿«_9ù<¿ ß ¿Ð Å0ÇµÙÅØÁ^¿IÕËÄÛoþ[Ë3¾]ÉWÇ]Ö^ÎÍ9ÃÌÀÐ5ÉW¿MÕµÍW¿Í9ÅWÁ¿




"^ÕÝÅØÃÌÇ]À¿5À^¿ÉW¾]þÉW¿MÍk¿Âð^ËÄ¿Í<ÕIÍ`ÅØÉWÇ]À^¾µ¿É.ÃÌÀoÅW¿ÉØÕ]Ð ÅØÃÌÇ]À²ë^×.Á^ÃÏÐÑÁ:ÍkÁ^Ç]Ö^ËÏÈËÌ¿MÕµÈJÅWÇIð-¿ ÅWÅW¿5ÉSÍk¿ËÌ¿MÐ ÅØÃÌÆ[ÃÌÅWÃÄ¿Í%ÃÄÀÅWÁ¿
ËÏÕµÐ ÅØÇµÀ^ÃÏÍØÕÝÅWÃÄÇµÀ4ëoÈTÖ¿9ÅØÇÕÎ^ÉØÇµËÄÇµÀ^¾]¿ÈÐ5ËÌÇoÍk¿SÐ ÇµÀoÅÑÕµÐ Å.ÕÝÅcÅWÁ¿SÂ2Ç]Â¿ÀoÅcÇµÙ²ÙûÇµÉØÂ2ÃÌÀ^¾ÅWÁ^¿DÃÄÇTÈTÃÌÉÑÕÀÃÌÖ^Â8ÃÄÇµÀJ×.ÃõÅØÁ
ÅWÁ¿DÈ^ÇµÖ^ð^ËÄ¿Sð+Ç]ÀÈ¤ãPÚ^Ö^ÅWÖ^ÉØ¿DÃÌÀ[Æµ¿MÍ`ÅØÃÌ¾oÕÝÅØÃÌÇ]ÀÍÕÅfiÕ2ó:Êcí61,LÒéòö>_DåNQ È¤ë Î
T








































































































¿5ËÄ¿Ð ÅØÉWÇ]Î^Á^ÃÄËÌÃÏÐ ÃÌÅ`þµë^ÍWÃÄÀÐ ¿SÅWÁ¿0ÐÑÁÕÀ^¾]¿9ÃÄÀ:ÐÑÁÕÉØ¾µ¿SÇµÀJÅWÁ¿ÃÌÇTÈTÃÄÀ^¿0ÕÝÅØÇµÂ|ÃÏÍfiÇµÀËÌþÂIÕµÉW¾]ÃÌÀÕµË ã
ùÔÀqÐ5ÕµÍW¿:ÕÍkÇ]ËÌÆ]¿5ÀoÅ×fiÕµÍÎ^ÉØ¿ÍW¿5ÀoÅ2ÃÌÀmÅØÁ^¿:Ð5ÕËÏÐ ÖËÄÕÅWÃÄÇµÀÍëÕµËÌË.¿À^¿5ÉØ¾µÃÄ¿Í×c¿5ÉØ¿JËÄÇÝ×¿ÉIÐ ÇµÂ2ÎÕµÉW¿MÈfÅØÇ)ÅØÁ^¿¾]Õ]Í







































































































Â2Ç]Ë −1 T ãIà<ËõÅØÁ^ÇµÖ^¾]ÁCÕµËÌË












 Q`_êöñ^ã ÷1_eL^ã ÷&ÛTý
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ÈTÇ]À^¿;óÉÑÍkÅJÕÝÅá<Ú1øTäSä ÕÀÈ ßcò6fÉ9Ê1µøTäSäËÄ¿5Æ]¿5ËÏÍÇµÙÅWÁ^¿ÇµÉØþµëfiÅWÁ¿)Ç]ðÍk¿ÉWÆ]¿Èm¾µ¿ÇµÂ2¿ ÅØÉWÃÄ¿ÍJÍkÁÇÝ×¿MÈmÕµÀ
ÕÉØÉÑÕÀ^¾]¿5Â2¿5ÀoÅfiÇÙÇV
ffi
Vªf¿ÍØÍk¿À]ÅØÃÄÕµËÌËÄþÎ-¿5ÉØÎ+¿ÀÈTÃÏÐ Ö^ËÏÕÉfiÅØÇ2ÅWÁ^¿ÎËÄÕµÀ^¿ÇÙ#ÅWÁ^¿0ÍkÅ`þ[ÉW¿À^¿ pi ÒéÍWþTÍ`ÅØ¿5ÂëT×.ÃÌÅWÁ^Ç]ÖTÅ%ÅWÁ¿

































ÃÄÀ]ÅØ¿5ÉÑÕµÐ ÅWÃÄÇµÀ×.ÃÌÅWÁIÕDÈTÇ]Ö^ð^ËÄ¿.ð+Ç]ÀÈÃÄÀÅWÁ^¿%ÍkÅW¿ÉW¿Ç]ÍW¿5ËÄ¿Ð ÅWÃÄÆµ¿ÍkÅW¿ÎIÈTÃõß ¿5ÉØ¿5ÀoÅPÂ2ÃÄÀ^ÃÌÂIÕDÐ Ç]Ö^ËÏÈð-¿.ÇÙ ÃÌÂ2Î-ÇµÉWÅØÕµÀÐ ¿]ã
































ðß Ó ¿ Ktý
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ÎÕÉWÅ×.Á^¿5ÉØ¿êÅWÁ^¿IÉØ¿ÍWÖ^ËÌÅØÍSÇÙcð+ÇµÅWÁÐÑÁÕÎTÅØ¿5ÉÑÍS×¿ÉW¿2Õ ÆÝÕÃÄËÄÕµð^ËÌ¿]ë ÅWÁ^¿2ÃÄÀoÅW¿5ÉØÎ^ÉØ¿ ÅÑÕÝÅWÃÄÇµÀ+Í






























"^Ð ËÄÖÈT¿È²ë[ÅWÁÕÅcÙûÖÉkÅØÁ^¿5É.ÉØ¿Õ]Ð ÅWÃÄÇµÀ+Í5ë]ÅØÕµÛoÃÄÀ^¾Î^ËÏÕµÐ ¿ÕÙ©ÅW¿5ÉcÅØÁ^ÃÄÍtóÉØÍkÅ.á.Òéù¿
"^ÐÑÁÕµÀ^¾µ¿SÕÉØ¿9ÎËÄÕ þ[ÃÄÀ^¾
ÕBÍkÖ^ð+Í`ÅÑÕÀoÅWÃÏÕË













































































































































À^ÇµÅW¿È²ëÅØÁÕÝÅ%ÅØÁ^¿êÍWÇµËÄÆµ¿ÀoÅ%¿ ß ¿Ð ÅÑÍ%ÃÄÀÅWÁ^¿êÉW¿MÕµÐ ÅWÃÄÇµÀÇÙPÕIÎ^ÉØÃÄÂ2ÕµÉWþBÕÂ2ÃÄÀ^¿ÕÀ+Èù
ü
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×.ÃÌÅWÁ	ËÏÕÉØ¾µ¿ÇkoÖÕÀoÅØÃõÅØÃÌ¿MÍ%ÇÙ3¿5ÅWÁ[þ[ËÄÕ]Ð ¿ ÅÑÕÝÅØ¿µã.æfiÁ^¿Ð5ÉWÖÈ^¿0Î^ÉØÇ[È^ÖÐ ÅÑÍ%×c¿5ÉØ¿Î^Ö^ÉØÃó¿MÈð[þ8Õ+Õ]ÍkÁ	ÐÑÁÉWÇ]Â2ÕÅWÇ]¾µÉÑÕÎ^Á[þ
ÖÍWÃÌÀ¾ÕöµâÄöñêÂÃÈ"[ÅWÖ^ÉØ¿0ÇµÙ







































































































Â2ËÇµÙcÅØÁ^ÃÏÍÍWÇµËÄÖTÅWÃÄÇµÀ×c¿5ÉØ¿2ÅWÉÑÕÀÍkÙû¿5ÉØÉW¿MÈCÃÌÀoÅWÇ	Õ:ÙûÉW¿MÍkÁ^ËÄþ)È^ÉWÃÄ¿ÈÆ]¿ÍØÍk¿Ë ëöòµñ µ Ëcó:¿ ïSá8ÕµÀÈ α ÒìÂ2¿ ÅØÁ[þoË






























































































































































































































































































































































































































































































âi ó +  ¡ òµñoíËQkö T
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4.¿MÈTÖÐ ÃÄÀ^¾ îÝñ]ñ¡Â2¾ Q òãÌöMñ¡Â2Â2ÇµË
T




































































































































































































































































































































































































































æjÇÕ0Ð Ç]ËÄÈ&Í`ÅØÃÌÉØÉW¿MÈ2ÍkÇ]ËÌÖTÅØÃÌÇ]ÀIÇÙ4ÕµÀ^ÃÄÍWÇµËÄ¿zQ`ö]ã ñ]ñ¾ë[÷^ã íñDÂ2Â2ÇµË
T






































































































































































































































































































































 ó + éë²ö5Lö[Qköñµñ
õ
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¿ ÅØÁ[þoËÌÒ`í Òéð^ÉWÇ]Â2ÇÒÑö ÒéÎ+¿À]ÅØ¿5À^ÇoÕÝÅØ¿%ÕÀÈí
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T ν˜ 1Ð Â −1 âPòµñ6L$L`Q Â T ë+í÷oí3LKQûÂ T ë²ödL$O]÷`Q ÍkÅ T ë²ö5Loí÷8Q Â T ë¤ö


























































































































































































































































































































































































































































































































































































































































































































































































































































































































































ÒÑöµë íTë ò^ë 9ÒìÅW¿ ÅØÉØÕµÁ[þ[È^ÉWÇµÒØö5ÒìÀÕµÎ^ÁoÅ`þ[ËÄÕµÂÃÄÀ^¿V
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"oÅØÉØÕ]Ð ÅÑÍê×c¿5ÉØ¿:Ð Ç]Âð^ÃÄÀ^¿È²ë×fiÕµÍWÁ^¿È ×.ÃõÅØÁ
ð^ÉØÃÌÀ¿µë²ÕÀ+ÈÈTÉØÃÌ¿MÈ	×.ÃÌÅWÁó:¾oø+ï
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ïSÓ<á9ßÀ +  ¡ ö]ö îJQ.Lã î T
{
 Ó9á<ßcÀ +  ¡ öñ6LÌQköµö]ã ò T
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ÙûÇ]É&òµñCÂ2ÃÄÀ²ãèÕÀÈ ÅWÁ¿5À Ð Ç[Ç]ËÌ¿MÈ¡ÅØÇfÉã Åãið-¿ ÙûÇµÉØ¿	ÕµÈÈTÃÌÀ¾¦L$LÂ2Ë<ÇµÙDæ.á9Ú ÕµÀÈ




































































































































































ÒÑöµë íTë ò^ë 9ÒìÅW¿5ÅWÉÑÕÁ[þTÈTÉWÇµÒØö5ÒìÀ+ÕÎ^ÁoÅ`þ[ËÄÕµÂ2ÃÌÀ^¿eQ`öMñ39 µ Ë ë^ñã îµíòÂ2Â2ÇµË T ÕÀÈJù
ü
ËQ òoîñ




γ ÒìËÏÕµÐ ÅWÇµÀ¿`Q í3Lã òÂ¾+ëyL]ñ
õ
T



























































































































































































































































































































































â ν˜ 1Ð Â −1 âfiíµ÷$L6OKQ Â T ëjöÝî,L6L0Q Í`Å T ë#ö
9Lµ÷IQûÂ T ë#ö













































































































































































































































öµë íTë ò^ë 9ÒìÅW¿5ÅWÉÑÕÁ[þTÈTÉØÇÒÑö ÒéÀÕÎ^ÁoÅØÁoþ[ËÏÕÂ2ÃÄÀ^¿gV
©
Õ]Í.ÕêËÄÃÄ¾]ÕÀ+È¤ã


































































































































































































































































































































ÒÑöµë íTë ò^ë 9ÒìÅW¿ ÅØÉØÕµÁ[þ[È^ÉWÇµÒØö5ÒìÀÕµÎ^ÁoÅWÁ[þ[ËÄÕµÂ2ÃÌÀ^¿eV
©
â
î[ö µ ËEQ.9ã ÷]í

öñ −1 ÂÂ2Ç]Ë T Q

T
ÒØö]ë í^ë òë 9µÒéæj¿ ÅØÉØÕµÁ[þ[È^ÉWÇµÒØö5ÒìÀÕµÎ^ÁoÅWÁ[þ[ËÄÕµÂ2ÃÌÀ^¿V
©
ÕÀÈ2í,9L µ ËEQ í^ã 9L
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öñ −1 Â2Â2ÇµË T ×c¿5ÉØ¿
ÈTÃÏÍWÍWÇµËÄÆµ¿MÈÃÄÀÕ:ÍW¿5ÎÕµÉØÕÅW¿[Õ+ÕµÍWÛ)ÕµÀÈfÕµÈÈT¿È¤ãBà.Ù©ÅØ¿5É×fiÕÃÌÅWÃÄÀ^¾ÙûÇ]ÉòµñÂ2ÃÄÀoÖ^ÅW¿Í0ÅWÁ^¿&ÉW¿MÕµÐ ÅØÃÌÇ]À)×fiÕµÍÕËÄËÌÇÝ×c¿È


















ÍkÅØÕÉWÅWÃÄÀ^¾	ÂIÕÅW¿5ÉØÃÏÕËÐ5ÇµÖ^ËÏÈð+¿BÈT¿ ÅØ¿Ð ÅW¿È²ãà.Ù©ÅØ¿5ÉoÕ+ÕµÍWÁÐÑÁ^ÉØÇµÂIÕÝÅØÇµ¾µÉÑÕÎÁoþ:ÇµÙfiÅWÁ^¿BÐ ÉØÖÈT¿ÉØ¿Õ]Ð ÅWÃÄÇµÀÂ2ÃÈ"oÅØÖ^ÉØ¿
Q ò[îÝñIÂ2¾
T
























































































#Pù ¿5ËÄ¿Ð ÅWÉØÇµÀJÃÌÂ2ÎÕ]Ð Å%ÃÄÇµÀ^ÃÏÍWÕÅWÃÄÇµÀ Q óø
T








öñ1 #ÑÒÑöñ1 3 ÂðÕµÉ T







óø ÂIÕµÍØÍcÍWÎ-¿Ð ÅØÉWÇ]Â2¿ ÅWÉØþ






Ê#ø Î+ÇµÅW¿À]ÅØÃÄÕµË¤¿5À^¿ÉW¾]þIÁ[þoÎ-¿5ÉÑÍWÖ^ÉkÙ Õ]Ð ¿
ÊPþ Î[þoÉØÃÏÈTÃÌÀ¿
Éã Åã ÉWÇ[Ç]ÂÅW¿5Â2Î-¿5ÉÑÕÝÅØÖ^ÉW¿














































































VV!7ª 3.00 VV!] 2.93




y = 0.1192x + 0.3109 r2 = 0.63
y = 0.0555x + 0.2472  r2 = 0.58








-0.4 -0.2 0.1 0.4 0.6 0.9
Hammett σ
Charge / e
charge C   Mulliken charge iodir. moiety Mulliken charge C   NBO charge iodir. moiety NBO
 OH






y = 0.0332x + 0.2603  r2 = 0.86
y = 0.0659x + 0.3378  r2 = 0.81








-2.0 -1.5 -1.0 -0.5 0.0 0.5 1.0
Hammett  σ+ 
Charge / e
charge C   Mulliken charge iodir. moiety Mulliken charge C   NBO charge iodir. moiety NBO
 OH
 OCH3 CH3 H F Cl I  CF3 NO2N(CH 3)2
  1 1
Ú^ÖÉkÅØÁ^¿5É%á9ÕÂ2Â2¿ ÅkÅ9Î^ËÌÇµÅØÍfiÇµÙjÃÄÇ[È^ÃÌÉÑÕÀ^ÃÄÖ^ÂÃÌÇ]ÀÍgVV!ÕÝÅ%Õ2ßfiò$fÉSÊ1,fjà<Óf#íäÇ@:ËÄ¿5Æ]¿5Ë¤ÇµÙjÅØÁ^¿5Ç]ÉWþ â
y = 0.0289x + 0.2505  r2 = 0.61
y = 0.1024x + 0.3324  r2 = 0.85








-0.4 -0.2 0.0 0.2 0.4 0.6 0.8
Hammett σ
Charge / e 
charge C   Mulliken charge iodir. moiety Mulliken charge C   NBO charge iodir. moiety NBO
 OCH3 CH3 H Cl  CF3 NO2





y = 0.1025x + 0.4599   r2 = 0.97
y = 0.0788x + 0.3472  r2 = 0.97








-0.8 -0.6 -0.4 -0.2 0.0 0.2 0.4 0.6 0.8 1.0
Hammett σ+
Charge / e
charge C   Mulliken charge iodir. moiety Mulliken charge C   NBO charge iodir. moiety NBO









































































































Ð ÉØþ[ÍkÅØÕµË¤Ð ÇµËÄÇµÖÉâ3Ð Ç]ËÌÇ]Ö^ÉØËÌ¿MÍWÍ
Ð ÉØþ[ÍkÅØÕµË¤ÍkÃ












c d e f7gSh
Cl1 0.17018(5) 0.26350(3) 0.62962(2) 0.0523
N1 0.6742(2) 0.1700(1) 0.58250(8) 0.0470
C1 0.7262(2) 0.04857(12) 0.6042(1) 0.0477
C2 0.7620(3) 0.03522(17) 0.70662(12) 0.0622
C3 0.5377(3) 0.03174(17) 0.75758(11) 0.0624
C4 0.4008(3) 0.07038(16) 0.72700(11) 0.0603
C5 0.3833(2) 0.07922(11) 0.62419(11) 0.0478
C6 0.2130(3) 0.14508(13) 0.58441(14) 0.0589
C7 0.1957(3) 0.15695(14) 0.49077(14) 0.0649
C8 0.3500(3) 0.10352(14) 0.43408(12) 0.0617
C9 0.5200(3) 0.03792(13) 0.47157(11) 0.0538
C10 0.5378(2) 0.02443(11) 0.5664(1) 0.0447
H1 0.6630(2) 0.1772(1) 0.52184(8) 0.0500
H2 0.5320(2) 0.1920(1) 0.61246(8) 0.0500
H3 0.7940(2) 0.2102(1) 0.60288(8) 0.0500
H11 0.8705(2) 0.02356(12) 0.5739(1) 0.0549
H21 0.8534(3) 0.10017(17) 0.72992(12) 0.0740
H22 0.8462(3) 0.03635(17) 0.71880(12) 0.0740
H31 0.5638(3) 0.02943(17) 0.82523(11) 0.0709
H32 0.4486(3) 0.10069(17) 0.74158(11) 0.0709
H41 0.4801(3) 0.13892(16) 0.75066(11) 0.0671
H42 0.2439(3) 0.06614(16) 0.75369(11) 0.0671
H61 0.1021(3) 0.18493(13) 0.62511(14) 0.0659
H71 0.0708(3) 0.20369(14) 0.46378(14) 0.0749
H81 0.3399(3) 0.11314(14) 0.36617(12) 0.0719
H91 0.6320(3) 0.00150(13) 0.43107(11) 0.0626
57698+:<;ji1?AKkIF<R]HE]BGH*^F<D`_F<R]^+:Z6DS;MN;SIEba69BC6MN;EG;BGR
fAll f7mm f7n*n folpm fAlSn fm*n
Cl1 0.03823(14) 0.06027(18) 0.05845(18) 0.00137(12) 0.00511(13) 0.00053(14)
N1 0.0345(4) 0.0552(6) 0.0511(6) 0.0018(5) 0.0029(5) 0.0016(4)
C1 0.0330(6) 0.0587(7) 0.0513(7) 0.0053(5) 0.0017(4) 0.0042(5)
C2 0.0455(7) 0.0831(11) 0.0580(9) 0.0036(7) 0.0148(6) 0.0105(8)
C3 0.056(1) 0.0880(12) 0.0430(7) 0.0126(8) 0.0042(6) 0.0061(7)
C4 0.0470(7) 0.079(1) 0.0545(8) 0.0084(7) 0.0046(6) 0.0177(7)
C5 0.0366(6) 0.0491(6) 0.0576(7) 0.0076(4) 0.0024(5) 0.0085(6)
C6 0.0457(8) 0.0509(7) 0.080(1) 0.0004(5) 0.0031(7) 0.0051(7)





C8 0.068(1) 0.0586(8) 0.0584(8) 0.0024(8) 0.0099(8) 0.0035(6)
C9 0.0570(8) 0.0530(7) 0.0514(7) 0.0004(6) 0.0010(6) 0.0027(6)
C10 0.0375(6) 0.0463(6) 0.0502(6) 0.0051(5) 0.0008(5) 0.0030(5)
57698+:<;rq$?Ps$;:Z;DEG;pQ-tT;SHMN;E]BGF<Dra69BC69MN;EG;BGR
N1 − C1 1.5101(18) C1 −N1 −H1 108.42(7) C3− C4 −H41 107.75(9)
N1 −H1 0.892 C1 −N1 −H2 109.51(7) C5− C4 −H41 108.58(8)
N1 −H2 0.977 H1−N1 −H2 110.851 C3− C4 −H42 109.26(9)
N1 −H3 0.900 C1 −N1 −H3 106.39(7) C5− C4 −H42 109.19(8)
C1 −C2 1.518(2) H1−N1 −H3 109.521 H41− C4 −H42 109.467
C1− C10 1.509(2) H2−N1 −H3 111.993 C4− C5 − C6 120.14(14)
C1 −H11 1.000 N1 −C1 − C2 109.58(13) C4− C5 −C10 121.58(13)
C2 −C3 1.511(2) N1 − C1 − C10 109.0(1) C6− C5 −C10 118.26(15)
C2 −H21 1.000 C2 − C1− C10 113.67(13) C5− C6 − C7 121.52(15)
C2 −H22 1.000 N1 − C1−H11 111.20(7) C5− C6 −H61 118.9(1)
C3 −C4 1.523(3) C2 − C1−H11 106.79(8) C7− C6 −H61 119.6(1)
C3 −H31 1.000 C10 − C1 −H11 106.54(7) C6− C7 − C8 119.97(15)
C3 −H32 1.000 C1 − C2− C3 111.58(12) C6− C7 −H71 120.1(1)
C4 −C5 1.509(2) C1 − C2−H21 109.17(9) C8− C7 −H71 119.9(1)
C4 −H42 1.000 C3 − C2−H21 108.64(11) C7− C8 − C9 119.71(16)
C4 −H41 1.000 C1 − C2−H22 109.42(9) C7− C8 −H81 120.2(1)
C5− C10 1.3987(19) C3 − C2−H22 108.6(1) C9− C8 −H81 120.1(1)
C6 −C7 1.379(3) H21− C2−H22 109.467 C8− C9 −C10 120.80(15)
C6 −H61 1.000 C2 − C3− C4 109.60(15) C8− C9 −H91 120.3(1)
C7 −C8 1.381(3) C2 − C3−H31 110.75(8) C10 −C9 −H91 118.90(9)
C7 −H71 1.000 C4 − C3−H31 110.39(8) C1− C10 − C5 121.37(13)
C8 −C9 1.379(2) C2 − C3−H32 108.4(1) C1− C10 − C9 118.89(13)
C8 −H81 1.000 C4 − C3−H32 108.12(9) C5− C10 − C9 119.73(13)
C9− C10 1.398(2) H31− C3−H32 109.467



























































































































































































   (3 M in Et2O)
 or MeLi 




  in CH2Cl2
or DPPA, DBU
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